We assessed societal landslide and flood risk to the population of Italy. The assessment was conducted at the national (synoptic) and at the regional scales. For the assessment, we used an improved version of the catalogue of historical landslide and flood events that have resulted in loss of life, missing persons, injuries and homelessness in Italy, from 1850 to 2008. This is the recent portion of a larger catalogue spanning the 1941-year period from 68 to 2008. We started by discussing uncertainty and completeness in the historical catalogue, and we performed an analysis of the temporal and geographical pattern of harmful landslide and flood events, in Italy. We found that sites affected by harmful landslides or floods are not distributed evenly in Italy, and we attributed the differences to different physiographical settings. To determine societal risk, we investigated the distribution of the number of landslide and flood casualties (deaths, missing persons, and injured people) in Italy, and in the 20 Italian Regions. Using order statistics, we found that the intensity of a landslide or flood event -measured by the total number of casualties in the event -follows a general negative power law trend. Next, we modelled the empirical distributions of the frequency of landslide and flood events with casualties in Italy and in each Region using a Zipf distribution. We used the scaling exponent s of the probability mass function (PMF) of the intensity of the events, which controls the proportion of small, medium, and large events, to compare societal risk levels in different geographical areas and for different periods. Lastly, to consider the frequency of the events with casualties, we scaled the PMF obtained for the individual Regions to the total number of events in each Region, in the period 1950-2008, and we used the results to rank societal landslide and flood risk in Italy. We found that in the considered period societal landslide risk is largest in Trentino-Alto Adige and Campania, and societal flood risk is highest in Piedmont and Sicily.
Introduction
The purpose of risk analysis is to determine the probability that a specific hazard will cause harm. This can be achieved by investigating the frequency of the damaging events and the intensity of the consequences. The number of fatalities (deaths and missing persons) and the number of casualties (deaths, missing persons, and injured people) are a direct, quantitative measure of the intensity of a disaster, and can be used to evaluate individual and societal risk quantitatively (Fell and Hartford, 1997; Guzzetti et al., 2005a, b) .
Individual-risk criteria are expressed using mortality (or death) rates, which are a measure of the number of fatalities in a population, scaled to the size of the population, per unit time. Typically, when studying natural or technological hazards, the number of deaths per 100 000 people in a period of one year gives mortality. Societal-risk criteria are established constructing frequency-consequences plots, on which the number of losses in each event is plotted versus the frequency of the event, and investigating the relationships between the frequency of the events and their intensity (Fell and Hartford, 1997; Guzzetti et al., 2005a, b) .
In Italy, landslides and floods kill or injure people almost every year. For this country, individual and societal landslide risk levels were defined by Guzzetti (2000) , and revised by Salvati et al. (2003) and Guzzetti et al. (2005a, b) . Flood risk levels were established by Salvati et al. (2003) , and revised by Guzzetti et al. (2005a, b) . We use an improved version of the catalogue of landslides and floods with human consequences in Italy (Salvati et al., 2003; Guzzetti et al., 2005a, b) to update the existing national estimates, and to obtain first regional estimates, of societal landslide and flood risk in Italy.
In this paper, we first describe the new catalogue, and we update previous analyses of the temporal and geographical patterns of landslides and floods with human consequences in Italy (Guzzetti et al., 2005a, b) . Next, using order statistics, we study the distribution of the number of landslide and flood casualties (which encompass deaths, missing persons 466 P. Salvati et al.: Societal landslide and flood risk in Italy and injured people) in Italy, and in the 20 Italian Regions. Then, modelling the empirical distributions of the frequency of the landslide and flood events with casualties, we determine societal risk levels in Italy and in each Region, and we rank the Regions on their landslide and flood risk to the population. We conclude by discussing the results obtained, in view of their geomorphological (hydrological, geological) relevance.
New catalogue of landslides and floods with human consequences in Italy
In Italy, information exists on the direct damage to the population caused by different natural hazards, including landslides and floods (Guzzetti, 2000; Salvati et al., 2003; Guzzetti et al., 2005a, b) . For this work, we have updated the catalogue of landslides and floods with direct human consequences in Italy compiled by Salvati et al. (2003) , and revised by Guzzetti et al. (2005b) . The new catalogue covers the 1941-year period from 68 to 2008, and lists 3139 landslide events and 2595 flood events that have resulted in deaths, missing persons, injured people, and homelessness.
To update the historical catalogue, we searched new bibliographical and archive sources, we examined five regional catalogues of historical landslide and flood events available on the Internet, and we re-examined some of the sources of information used by Salvati et al. (2003) and Guzzetti et al. (2005b) , including the national catalogue of landslide and flood events in Italy (Guzzetti et al., 1994; Guzzetti and Tonelli, 2004) . The new sources of historical information include regional and local history books, transcriptions or translations of old chronicles, and reports prepared by regional and local technical offices to describe the effects of single events and their consequences. The old chronicles provided information on events in the early part of the catalogue, chiefly for limited geographical areas. The five regional catalogues provided abundant and accurate information on the date of occurrence of the events, the exact or approximate location of the events, and the type and the extent of the damage. The event reports provided accurate information for a limited number of events. For a few individual events, new or updated information was obtained searching the Internet.
Uncertainty in the historical information
For some event in the catalogue, uncertainty exists on the consequences. For a few events, a discrepancy exists in the number of deaths, missing persons, injured people and homeless reported by different sources. The differences depend primarily on the fact that the exact number of the consequences is often available only at the end of a search-andrescue operation, from a few days to weeks after the onset of the event. During this period, newspapers and even official reports may provide different and changing figures. Similarly, the location of a few fatal events is uncertain, depending on the fact that the site where people were hit by a landslide or overrun by an inundation, and the location where the bodies were found, are different and distant.
In the catalogue, information on the location and damage caused by recent landslide and flood events is generally accurate. Geographical accuracy decreases going back in the past. Historical documents and chronicles were more accurate in providing figures for the casualties caused by landslides, than those caused by floods. Mass movements were easier than inundations to identify geographically, chiefly because the spatial extent of the damage caused by landslides is more limited than the damage caused by floods. Even though landslides that occurred on slopes were undoubtedly reported as such, recognition of an event as a landslide was not always easy, particularly in the oldest reports. The definition of the type of event was more uncertain when the mass movement was a debris flow, or if it occurred along the drainage network. When widespread (regional) flooding caused fatalities, a total (cumulative) number was given, including deaths caused by others hazardous events e.g., diseases, famine. When a rainfall event affected a large geographical area, producing both landslides and floods, the effects of landslides were sometimes confused with the effects of flooding, and only the latter were reported (Guzzetti, 2000; Guzzetti et al., 2005b) .
A few landslides, including the failure of natural dams, and of man-made dams and embankments, caused rapid flooding that resulted in fatalities. Following Guzzetti et al. (2005b) , the damage caused by these failures was considered the indirect effect of single landslides, and the causalities were listed in the landslide catalogue. In the period 1521-2008, 14 landslide events resulted in indirect flood casualties. Of these events, five (0.4%) occurred in the period 1850-2008. We take this as an indication that landslide events with indirect flood casualties are uncommon in Italy.
For the very old events in the catalogue, it was not possible to quantify the number of deaths caused by the fatal events. For these uncertain events, the sources of information provide a qualitative description of the number of fatalities defining them as few, several, many or hundreds. This has introduced further uncertainty in the catalogue.
Temporal analysis and completeness of the catalogue
In the catalogue, the first landslide for which the exact number of casualties is known (24 deaths) occurred in 843 in the Piedmont Region. For floods, the oldest event for which the (approximate) number of casualties is listed (1000 deaths) occurred in 671 in the Lombardy Region. 843-1849 1850-1899 1900-1949 1950-2008 671-1849 1850-1899 1900-1949 1950-2008 Inspection of Fig. 1 allows for two general considerations. First, the number of landslide and flood events per unit time (i.e., per year) increases with time. The increase is particularly significant after about 1700 to 1850. Second, the severity (intensity, or magnitude) of the recorded events, measured by the number of casualties, varies with time. In the oldest section of the catalogue, the few recorded events were mainly catastrophic, while in the recent period (1850-2008) many low intensity events were listed in the catalogue. To investigate the problem, we divided the catalogue in four subsets covering different periods, and we studied the relationship between the number of reported casualties and the number of events, in each period. To better study the increase in the number of reported events after 1850, we divided the last 159-year period of the catalogue in smaller subsets of approximately equal length. The selected periods were: (i) 843-1849, (ii) 1850-1899, (iii) 1900-1949, and (iv) 1950-2008 for landslides, and (v) 671-1849, (vi) 1850-1899, (vii) 1900-1949, and (viii) 1950-2008 for floods (Table 1) .
For both landslides and floods, the largest number of casualties was reported in the oldest portion of the catalogue (before 1850), with an average of 69.9 landslide casualties per event (in 107 events), and 322.1 flood casualties per event (in 115 events). For the most recent portion of the catalogue , the total number of landslide casualties was 6122 in 967 events, corresponding to an average of 6.3 casualties per event, and the total number of flood casualties was 2699 in 613 events, an average of 4.4 flood casualties per event. The difference in the average number of casualties per event suggests that the oldest events reported in the catalogue were particularly catastrophic, but also that the old part of the catalogue is incomplete for the medium and low intensity events.
Our historical catalogue is a non-instrumental record of past landslide and flood events that have resulted in casualties in Italy. Non-instrumental records of natural events, including landslides and floods, are always affected by incompleteness, which is difficult to quantify (Guzzetti, 2000 (Guzzetti, , 2006 Guzzetti et al., 2005b) . In the catalogue, lack of occurrences in any given period may be due either to the catalogue's incompleteness or to variation in the conditions that led to slope failures and inundations, including climate anomalies, rainfall events, earthquakes, land-use changes, and human actions.
An approach to evaluate the completeness of an historical catalogue consists in the analysis of the cumulative number of occurrences, which is easily obtained by adding progressively the number of occurrences recorded in a time interval (e.g., a day, a year) (Guzzetti, 2000 (Guzzetti, , 2006 . Figure 1 shows the cumulative number of casualties per year, for the 1166-year period 843-2008 for landslides (Fig. 1a) , for the 1338-year period 671-2008 for floods (Fig. 1e) , and for the 159-year period between 1850 and 2008 for both landslides (Fig. 1b) and floods (Fig. 1f) . Inspection of the cumulative plots (dashed lines) reveals changing trends in the total number of casualties, which increases with time. Examination of the plots showing the number of landslide (Fig. 1c, d ) and flood (Fig. 1g, h ) casualties per event indicates that the increase in the reported number of casualties depends on the intensity of the event. In the early period of the catalogue (i.e., before 1850), events causing a single casualty or a few casualties are rare, compared to the number of events that resulted in several casualties. Even considering the increase in population that has occurred in Italy in the considered period, there is no reason for the distribution of less catastrophic events to be so skewed, except for incompleteness in the catalogue. 
Geographical analysis
Information on the precise or approximate location of landslides and floods with direct human consequences is available for most of the events in the historical catalogue (95%). 590-2008. Sites affected by harmful events were mapped at 1:25 000 or 1:100 000 scale, using topographic base maps prepared by the Italian National Geographical Institute. Harmful events occurred in all the 20 Italian Regions, and in 2496 of the 8102 Italian municipalities (31%), with 1378 municipalities (17%) that experienced fatal events, and 1428 municipalities (18%) that experienced events with casualties. Inspection of the historical catalogue suggests that landslide and flood events affected many sites repeatedly, but relatively few sites were damaged very frequently (Salvati et al., 2003; Guzzetti et al., 2005b) . To quantify this behaviour, we: (i) counted the number of events at each site, (ii) ordered (ranked) the sites on the total number of events at each site, from largest (several events) to smallest (one event), and (iii) plotted the number of events at each site (y-axis) against their rank (x-axis), in logarithmic coordinates. Results are shown in the central insets of Fig. 2 for landslides and Fig. 3 for floods. Of the 2533 landslide sites, 314 (12.4%) were affected two times or more, 11 (0.4%) were affected five times or more, and only four sites (0.2%) were affected ten times or more. Similarly, of the 1836 flood sites, 301 (16.4%) were affected two or more times, 22 (1.2%) were affected five or more times, and only three sites (0.2%) were affected ten or more times. We conclude that landslide and flood risk is widespread in Italy, but the sites where severely harmful events are very frequent are few. At these sites, landslide and flood risk is high and persistent, because the average interval between damaging events is short. Guzzetti et al. (1994) examined an early version of the AVI (an Italian acronym for Aree Vulnerate Italiane, Areas Affected by Landslides and Floods in Italy) project catalogue of historical landslides and floods in Italy, and established that the spatial persistence (i.e., the occurrence of multiple events at the same site) of historical floods was significantly larger than the persistence of landslides. Salvati et al. (2006) , working in the Umbria Region, central Italy, confirmed the different behaviour of landslide (less persistent) and flood (more persistent) events. Our analysis of the catalogue of landslide and flood events with direct consequences to the population of Italy indicates that the spatial persistence of floods and landslides are similar (upper-right inset in Fig. 2) . We attribute the discrepancy to differences in the information content of the two types of sources. The AVI catalogue and the catalogue of historical landslide and flood events in Umbria include all types of damaging events, and not only the events that have caused direct damage to the population. Our new catalogue for Italy contains only landslide and flood events that have resulted in direct damage to the population. In addition, when a site is affected by a harmful landslide or flood event, the local population recognizes the area as dangerous, and defensive measures are adopted or the area is abandoned. This reduces the likelihood of multiple harmful events at the same site.
Visual inspection of Figs. 2 and 3 reveals that sites affected by harmful landslides and floods are not distributed equally in Italy. In the catalogue, harmful landslides are most abundant in the Alps, in southern Piedmont Region, and in the Campania and Calabria Regions, southern Italy (upper-right inset in Fig. 2) , and harmful floods are most common in the western Alps, in the large flood plains of northern Italy, in Tuscany and in Campania Regions, and locally along the coasts (upper-right inset in Fig. 3) . Table 2 lists the number of landslide and flood events with casualties, and the number of landslide and flood casualties in three broad geographical areas in Italy, for four periods. The geographical areas include: (i) northern Italy (120×10 3 km 2 ), encompassing the Italian Alps, the Po and Veneto plains, and part of the northern Apennines, (ii) central Italy (69×10 3 km 2 ), comprising the central Apennines, the northern and central Tyrrhenian coast, and the central Adriatic coast, and (iii) southern Italy (112×10 3 km 2 ), that consists of the southern Apennines, the southern Tyrrhenian coast, the southern Adriatic coast, the Ionian coast, Sicily and Sardinia. To account for the different extent of the three geographical areas, Table 2 also lists the density of landslide and flood casualties per unit area (i.e., per 10 3 km 2 ).
In the period 1850-2008, the largest number of landslide (714) and flood (488) events with casualties occurred in northern Italy. In this period, landslide casualties were most abundant in northern Italy (4667) followed by southern Italy (3100), and flood casualties were most numerous in southern Italy (2783) followed by northern Italy (1934) . From 1850 to 2008, the density of landslide casualties was largest in northern Italy (38.7 casualties per 10 3 km 2 ), followed by southern Italy (27.5 casualties per 10 3 km 2 ), and least in central Italy (9.1 casualties per 10 3 km 2 ). In the same period, the density of flood casualties was largest in southern Italy (24.7 casualties per 10 3 km 2 ), followed by northern Italy (16.0 casualties per 10 3 km 2 ), and least in central Italy (10.9 casualties per 10 3 km 2 ). Inspection of Table 2 reveals that the relative abundance of landslide events with casualties, and of the total number of landslide casualties in the three considered geographical regions does not change significantly in the most recent part of the catalogue . In this period, the density of flood casualties was largest in southern Italy, followed by central Italy (9.8 casualties per 10 3 km 2 ). Figure 4 shows the total number of landslide and flood casualties in the 20 Italian Regions, for different periods. Inspection of Fig. 4 allows for further considerations on the regional distribution of landslide and flood casualties in Italy. From 1850 to 2008, the Region that has experienced the largest number of landslide casualties (2164, in 321 events) is the Campania Region, southern Italy. Campania is also the second Region in terms of the total number of landslide casualties in the most recent period of the catalogue , preceded by the Veneto Region, northern Italy, with 1877 casualties, most of which caused by the 9 October 1963 Vajont rockslide. The large number of landslide casualties in Campania is due mostly to soil slips and debris flows in areas where a cover of volcanic ash overlies limestone on steep slopes, a highly hazardous geological setting typical of the area surrounding the Vesuvius volcano (Guzzetti et al., 2005b) .
Considering the entire span of the flood catalogue (589-2008), Sicily experienced the largest number of flood casualties, due largely to the September 1557 event in the Palermo area that resulted in 7000 casualties. In the catalogue, the single most destructive flooding event occurred along the Po River in 1705. For this event, the total number of casualties remains uncertain, but up to 15 000 people were killed, went missing, or were injured at multiple sites by extensive flooding. For the event, the historical information available to us was insufficient to locate the human consequences precisely, or even approximately. In the period 1850-2008, the Piedmont Region, northern Italy, experienced the largest number of flood events with casualties (149), whereas the largest number of flood casualties (660) was reported in Calabria, southern Italy.
The large density of landslide casualties in northern Italy is due to the meteorological, morphological, and geological settings. In northern Italy high intensity and prolonged rainfall events, combined with the availability of debris on steep slopes, make destructive debris flows common. The presence of high relative relief and the cropping out of hard rocks, such as granite, metamorphic rocks, massive limestone and dolomite, facilitate rock falls, rock slides, and rock avalanches (Guzzetti, 2000) . These types of landslides are particularly hazardous because of their high velocity. Northern Italy includes the Po and the Adige river basins, the first and the third largest basins in Italy, where landslides are abundant and floods are frequent.
In southern Italy the combination of climatic, meteorological, geological and morphological conditions are particularly favourable to the occurrence of harmful events. Landslide casualties are most abundant in Campania, Calabria, Basilicata, and Sicily, and flood casualties are most numerous in Calabria, Sicily, and Campania. In these areas, slopes are steep, relative relief is high, catchments are small, and rocks are highly stressed and easily erodible (Esposito et al., 2002 (Esposito et al., , 2003 Porfido et al., 2009) . When high-intensity, shortduration convective storms strike these areas, they produce highly destructive flash floods and they trigger large clusters of mostly shallow landslides. The 1 October 2009 high intensity rainstorm in the Messina area, Sicily, gave an example of the destructiveness of such events. In less than 12 h, in an area of about 60 km 2 , high intensity rainfall (exceeding 230 mm in eight hours) caused more than 500 landslides (mainly soil slides and debris flows), widespread inundation associated with massive erosion and deposition of debris along the drainage network, and modification of the coast line that locally was moved several tens of meters seaward. Landslides and inundation caused 31 deaths, 6 missing persons, and an undetermined number of injured people. The evacuees and the homeless people exceeded 2500.
Risk evaluation
To ascertain the societal (collective) risk posed by landslides and floods in Italy, and in each of the 20 Italian Regions, we exploited the new catalogue of landslide and flood events that have resulted in casualties (deaths, missing persons, and injured people). To limit problems related to the incompleteness of the catalogue for the early periods, we used only the recent portion of the catalogue covering the 159-year period from 1850 to 2008.
We started by ordering (ranking) the harmful events listed in the catalogue, for the whole of Italy and for the 20 individual Regions, on their intensity (the number of casualties), from smallest to largest events. Next, we plotted the number of casualties per event against their rank (i.e., the order in the catalogue), from smallest (low intensity) to largest (high intensity) events. Results are shown in . Inspection of the log-log plots reveals that the relationship to link the intensity of the event (y-axis) to its rank (x-axis) is generally linear, and can be approximated by a power law. The power law trend holds in the range between 1 and about 20 casualties for the individual Regions, and between 1 and about 30 casualties for the entire Italian territory. This is in an agreement with previous findings by Guzzetti et al. (2005b) .
Comparison of the individual plots in Figs. 5 and 6 reveals significant differences, which are indicative of different societal risk levels in the various Italian Regions. To quantify the differences, and obtain quantitative estimates for societal landslide and flood risk, we prepared a model for the probability of the harmful events. When empirical data appear to be power-law distributed, i.e., when they follow a linear trend in log-log coordinates, the Pareto, Zeta, and Zipf distributions can be used to model the data (Reed, 2001; Guzzetti et al., 2005b; Newman, 2005; Rossi et al., 2010) . The Pareto distribution prescribes a power-law probability for the size of a random event, given that the size can take any fractional value (real number) above a given minimum value. The Zeta and the Zipf distributions are similar, and prescribe a powerlaw probability for the size of a random event that takes an integer value of at least one (natural number) (Reed, 2001; Newman, 2005; Rossi et al., 2010) . Although the terms "Zeta distribution" and "Zipf distribution" are often used interchangeably, a difference exists between the two distributions. The Zeta distribution is defined for a population of infinite size, whereas the Zipf distribution is defined for a population of finite size (Newman, 2005) . Since the number of landslide and flood casualties is discrete (a landslide or flood can cause e.g., 1, 2, and 10 casualties, but not e.g., 1.5, 2.4, or 10.3 casualties), and because the maximum number of casualties in an event is finite (Table 1) , the Zipf distribution is best suited to describe the probability of a landslide or flood event with a given number of casualties.
For a Zipf distribution, the probability mass function, PMF (equivalent to the probability density function, pdf, for discrete data), is given by:
Where c is the number of casualties per event, s is the distribution parameter (the scaling exponent for the Zipf distribution that measures the proportion of small versus large events), and N is the largest number of casualties in a single event in the analyzed dataset, and We used maximum likelihood estimation, MLE (Fisher, 1922a, b; White et al., 2008 ) -a parametric method that requires the selection of a probability distribution to model the data -to determine the PMF for landslide and flood events with casualties in Italy, and in the 20 individual Regions. To investigate possible variations of societal risk with time, the analysis was performed for three overlapping periods: (i) the 159-year period 1850-2008, (ii) the 109-year period 1900-2008, and (iii) the 59-year period 1950 -2008 , and 9 summarize the results, for landslides (red lines) and floods (blue lines). To evaluate the performance of the Zipf models, we prepared Q-Q (quantile-quantile) plots (Wilk and Gnanadesikan, 1968) , shown as insets in the individual plots in Figs. 7, 8, and 9, and we performed 2-sample Kolmogorov-Smirnov tests (Kolmogorov, 1933; Smirnov, 1933) (Tables 3 and 4 ). In the tests, lower values of the ks statistic, and larger values of the p-value, indicate a better model fit (Rossi et al., 2010) . For a few Regions (Molise for landslides, and Abruzzo, Molise, and Valle d'Aosta for floods), the number of harmful events in the catalogue was insufficient to determine the PMF of the casualties through MLE. 
Discussion
In Figs. 7, 8, and 9 , the empirical casualty data for Italy and for the 20 Italian Regions (symbols) are reasonably well described by the Zipf models (lines). We take this as indication that the Zipf distribution is suited to describe casualty (and fatality) data in Italy, and possibly elsewhere.
The Zipf models obtained for Italy, and for the 20 individual Regions, give the expected relative proportion of small, medium and large intensity events, where the total number of casualties in an event measures the intensity. The scaling exponents s for our Zipf models are listed in Table 3 for landslides and in Table 4 The scaling behaviour of the intensity of the casualties found in this work is very similar to what was obtained by Guzzetti et al. (2005b) , who used an earlier version of the catalogue of landslides and floods with fatalities in Italy, in the 103-year period 1900-2002. We attribute the observed differences to: (i) the addition of 227 landslide events and 56 flood events with casualties, which has improved the completeness of the catalogue, (ii) the fact that our work was based on the analysis of the casualties (deaths, missing persons, and injured people) whereas Guzzetti et al. (2005b) based their study on the fatalities (deaths and missing persons), and (iii) the different statistical technique used to obtain the PMF of landslide and flood damage.
The scaling exponent (i.e., the slope) s of the modelled Zipf distributions can be used to compare the proportion of events with different intensity in the 20 Italian Regions. Regions exhibiting steep Zipf curves (i.e., having a large scaling exponent s) have a smaller probability of experiencing large intensity events, when compared to Regions that have less steep curves (i.e., having small exponent s), for which the relative proportion of large intensity events is larger.
Inspection of Figs. 7, 8, 9 , and Tables 3 and 4, reveals that variation exists in the scaling exponents obtained for the 20 Italian Regions. For the period 1850-2008, s ranges between 1.35 and 2.30 for landslides (mean µ=1.66, standard deviation σ =0.23), and between 1.21 and 2.08 for floods (µ=1.71, σ =0.21). Considering the period 1950-2009, s ranges between 1.29 and 2.33 for landslides (µ=1.73, σ =0.26), and between 1.23 and 2.01 for floods (µ=1.68, σ =0.23). Variations in space (geographically) and time are the results of two main causes: different levels of completeness in the catalogue, geographically and temporally, and differences in societal landslide and flood risk. The latter, depends on: (i) the geological and morphological setting which determine the local susceptibility to harmful landslides and floods, (ii) the frequency and intensity of the triggers (i.e., rainfall, earthquakes, etc.), and (iii) the abundance and distribution of the population at risk.
Analysis of Tables 3 and 4 reveals a temporal and a spatial trend. For most of the Regions for which sufficient information was available to determine the PMF of the casualties, the scaling exponent s of the Zipf distribution increases with time, for both landslides and floods. This indicates that the expected (modelled) proportion of events with a large number of casualties, compared to the proportion of events with fewer casualties, has decreased from 1850 to 2008. This may be the result of a decrease in societal risk, or it may be the result of incompleteness in the catalogue. Although warning systems and remedial measures have been installed in Italy to protect people from landslides and inundations, we attribute the larger values of s primarily to a systematic lack of small intensity events in the early part of the catalogue.
Interpretation of the geographical variation of the s values in Italy is more difficult and uncertain. This is because the regional analysis of societal risk was based on administrative subdivisions (the Regions) that have little relation with the physical (e.g., geological, morphological, hydrological, meteorological) setting, and because the standard error ε associated with the estimation of s is significant for some of the Regions, a result of the reduced number of events in each Region (Tables 3 and 4) . Despite these limitations, a trend emerges from the data. Considering the flood catalogue, and limiting the analysis to the most recent period (Tables 3 and 4) .
Societal landslide and flood risk depends on the relative proportion of small, medium, and large intensity events, which control the slope of the Zipf distribution, and on the temporal frequency of the events, i.e., on the number of events in a period, or per unit time (e.g., a year). In the period 1950-2008, landslide events with casualties were 969, corresponding to 16.4 events per year, and flood events with casualties were 613, corresponding to 10.4 events per year. Figures in Tables 3 and 4 indicate that the number of landslide and flood events with casualties varies in the Italian Regions. Landslide events with casualties ranged from 5 (0.1 events per year in Emilia-Romagna) to 231 (3.9 events per year in Campania), and flood events with casualties ranged from 8 (0.1 events per year in Umbria), to 73 (1.2 events per year in Piedmont). In an attempt to consider the proportion of events of different intensity and the temporal frequency of the events, for the evaluation and ranking of landslide and flood risk we scaled (i.e., normalized) the PMF obtained for each single Region to the total number of events with casualties in the Region, in the 59-year period (Fig. 10) . Inspection of Fig. 10a reveals that the Trentino-Alto Adige (# 4) and the Campania (# 15) Regions exhibit the largest societal landslide risk, and the Emilia-Romagna Region (# 8) has the lowest landslide risk. For the other Regions, a ranking of societal landslide risk can be obtained based on the location of the frequency curve in the plot, a function of the total number of events with casualties in the catalogue , and on the scaling exponent s, a function of the proportion of events of different intensity in the catalogue. Similarly, analysis of Fig. 10b indicates that societal flood risk in Italy is largest in the Piedmont (# 2) and the Sicily (# 19) Regions, and lowest in the Umbria (# 11) and Basilicata (# 16) Regions, with the other Regions experiencing intermediate levels of societal flood risk.
Inspection of the historical catalogue indicates that the causes for the high landslide risk in the Trentino-Alto Adige Region (northern Italy) and in the Campania Region (southern Italy) are different. In Trentino-Alto Adige Region (# 4), landslide risk is due primarily to a combination of multiple types of fast-moving landslides, including rock falls, rock slides, and debris flows. In the Campania Region (# 15), harmful landslides concentrate in the area surrounding the Vesuvius volcano, and are chiefly soil slides, debris flows, and debris avalanches that involve loose volcanic materials (secondary lahars). In Piedmont Region (# 2), harmful floods occur mostly along large rivers, whereas in Sicily (# 19) flood casualties are caused chiefly by flash floods along ephemeral streams.
Conclusions
We exploited a new catalogue of landslide and flood events with direct consequences to the population of Italy, to update existing estimates of societal (collective) landslide and flood risk in Italy (Salvati et al., 2003; Guzzetti et al., 2005a, b) , and to obtain new estimates for the 20 Italian Regions. Studying the geographical distribution of sites where landslides and floods have caused direct damage to the population, and the temporal pattern and distribution of the damaging events, we have found that harmful landslide and flood events are not distributed homogeneously in Italy. By ranking the events with casualties in each Region on their intensity, measured by the total number of casualties (i.e., deaths, missing persons, and injured people) in an event, we have found that the relationship to link the intensity of the event to its rank in the catalogue obeys a negative power law. Based on this result, we modelled the landslide and flood casualty data using a Zipf distribution, which proved capable of representing the casualty data in Italy. We argue that the same distribution can be used to model casualty (or fatality) data elsewhere. Analysis of the scaling exponents s of the Zipf distributions obtained for the 20 individual Regions in Italy allowed for comparing societal landslide and flood risk in different geographical areas, and for different periods. Finally, to rank the 20 Italian Regions on their collective landslide and flood risk levels, we prepared plots of the frequency of the harmful events versus the intensity of the events. Analysis of the plots revealed that societal landslide risk in Italy is highest in Trentino-Alto Adige and Campania Regions and lowest in the Emilia-Romagna Region, and that collective flood risk is largest in the Piedmont and in Sicily Regions, and lowest in the Umbria and Basilicata Regions.
